Abstract. Solitary pulmonary caseating granulomas (SPCGs) are a characteristic type of tuberculomas associated with infection with non-tuberculous mycobacteria (NTM) and other microbes; however, their significance remains unclear. The aim of the present study was to describe the clinical characteristics of patients with SPCGs in terms of diagnosis, presence of lung cancer and treatment status. A retrospective analysis of 17 immunocompetent patients with histopathologically confirmed caseating granulomas after undergoing video-assisted thoracoscopic surgery (VATS) was conducted at our center between 2011 and 2015. The patients comprised 10 men and 7 women with a mean age of 59.1±14.4 years. Of the 17 patients, 14 (82.4%) were asymptomatic and the lesions were discovered incidentally. In 2 patients the SPCGs were accompanied by a small satellite nodule (SPCG mean diameter, 16.2±5.1 mm). Mycobacteria, including Mycobacterium tuberculosis (11.8%), Mycobacterium avium (11.8%) Mycobacterium kansasii (23.5%) and other Mycobacterium spp. (5.9%), were isolated from 9 of the patients (52.9%). Concurrent lung cancer was present in 3 patients (17.6%). When microbial agents could not be isolated, the interferon-γ release assay was useful for diagnosis. Positron emission tomography was not found to be useful for differentiating SPCGs from lung cancer, or for differentiating tuberculomas from NTM pulmonary nodules (NTMPNs). NTMPNs in cases of SPCGs were diagnosed more frequently in men. The findings indicate that a course of observation may be sufficient for patients in whom an SPCG from NTM (NTMPN) is identified by VATS. However, the presence of concurrent lung cancer in certain cases indicates that malignancy should not necessarily be excluded, particularly in NTMPNs, and highlights the necessity of aggressive diagnosis by VATS.
Introduction
Solitary pulmonary caseating granulomas (SPCGs) are benign lesions that occur as mycobacterial pulmonary nodules (MPN) in the majority of cases (1); however, they have also been reported in some extremely rare cases of infection caused by fungi (2) , Mycoplasma spp. (3), or Leishmania spp. (4) . Among MPNs, tuberculomas caused by Mycobacterium tuberculosis (M. tuberculosis) account for 5-24% of all benign solitary pulmonary nodules (SPNs). Furthermore, 77-85% of all tuberculomas manifest as SPNs, with ≥2 accompanying nodules or satellite lesions in 15-22% of the cases. These nodules most frequently occur in the upper lobes of the lungs. Clinically, 77% of the cases are asymptomatic and are discovered incidentally during health examinations (5, 6) . Furthermore, it is extremely difficult to differentiate such nodules from lung cancer using computed tomography or the standardized uptake value (SUV) on positron emission tomography (PET) (7, 8) . Currently, the only practicable method for the detection of PCGs is histopathological examination of specimens excised via video-assisted thoracoscopic surgery (VATS) or other surgical methods (9) .
The post-VATS treatment of SPCG varies by case. Anti-tuberculosis drug treatment for ~6 months is currently the standard therapy for tuberculomas. However, this therapy is associated with a high frequency of drug-induced hepatotoxicity (DIH), with the subsequent requirement for hyposensitization therapy (10) . Furthermore, a diagnosis of PCG by histopathological examination does not necessarily indicate the presence of a tuberculoma: It may also represent a non-tuberculous mycobacterial pulmonary nodule (NTMPN). The Mycobacterium avium (M. avium) complex accounts for the largest percentage of NTMPN cases, which reportedly occur more frequently in older age groups compared with tuberculomas (11, 12) , although the precise age distribution is unknown. Furthermore, cases of PCG and concurrent lung 
Patients and methods
Patients. The present retrospective study included a review and analysis of data from 17 patients aged ≥18 years who presented with SPNs that were histopathologically diagnosed as PCGs following VATS at the Tokyo Medical University Ibaraki Medical Center between 2011 and 2015. All the patients were negative for human immunodeficiency virus on serological tests, and had no history of anti-tuberculosis drug treatment. The Tokyo Medical University Ibaraki Medical Center is a teaching hospital with ~400 beds, which is located in the southern part of Ibaraki Prefecture and serves a population of ~400,000. The study was conducted with the approval of the Tokyo Medical University Ibaraki Medical Center Ethics Committee (approval no. 15-33). Individual informed consent was not required given the retrospective nature of the study.
All 17 patients were assessed in terms of the following parameters: Age; gender; diagnostic modality; clinical manifestations; underlying disease; location, size and number of nodules; microbial isolates; treatment status; clinical course; SUV on PET; history of undergoing an interferon-γ release assay (IGRA), namely the T-spot tuberculosis (TB) test; and histopathological analysis, including simultaneous occurrence of a cancer lesion.
Statistical considerations. All statistical analyses were performed with StatMate IV software (ATMS Co., Ltd., Tokyo, Japan). A descriptive analysis was performed for demographic and clinical characteristics, and results are presented as the mean ± standard deviation (SD) for quantitative variables and numbers (percentages) for qualitative variables. For comparisons, the statistical significance of differences between tuberculoma, NTMPN and concurrent lung cancer groups was measured by one-way analysis of variance. All P-values were two-sided and P<0.05 was considered to indicate statistically significant differences.
Results
Clinical background of the patients. The study population consisted of 10 men and 7 women, ranging in age from 29 to 79 years (mean, 59.1±14.4 years) ( Table I ). The pulmonary nodules of 8 of the patients were discovered incidentally during a physical examination. In 6 patients, the nodules were discovered during follow-up for underlying diseases. No significant respiratory symptoms were observed upon diagnosis in 14 patients (82.4%), whereas 3 patients (17.6%) had overt symptoms (including bloody sputum in 1 patient, and cough and fever in 2 patients). Underlying diseases were present in 8 patients, including chronic renal failure (n=2), diabetes mellitus (n=2), hypertension (n=1), chronic obstructive pulmonary disease (n=2), sick sinus syndrome (n=1), and postoperative lung cancer (under follow-up; n=1). Of the 17 patients, 6 had tuberculomas, including 1 male and 5 female patients, and the remaining 11 patients (9 men and 2 women, including the 3 patients with concurrent lung cancer) had NTMPNs.
Characteristics of SPNs.
The main locations of the nodules were the right upper lobe (n=6) and the left lower lobe (n=4). In all patients with nodules in the left lower lobe, they were located in the S6 segment. The nodules were located in sites with a propensity for tuberculosis in 12 patients (70.6%). The nodules were solitary in 15 patients, and 2 patients had SPCGs accompanied by a small satellite nodule. The occurrence of a small lesion was suspected upon re-examination in these 2 patients, whereas an infiltrative shadow was present in 1 patient, and 1 patient presented with a hilar nodule. The mean ± SD diameter of the nodules was 16.2±5.1 mm (range, 8-27 mm). PET scans were performed in 7 patients, with the mean ± SD SUV of the nodules measured as 7.9±3.7 (range, 2.1-12.0). The mean SUV was 8.7±3.6 in the 3 patients from whom M. tuberculosis was isolated, and 5.6±3.0 in the 3 patients from whom NTMs were isolated (excluding the patients with concurrent lung cancer) (Table II) .
Bacterial culture test and IGRA (T-spot TB test).
Mycobacteria were isolated by culture in 9 patients (52.9%), including M. tuberculosis in 2 patients (11.8%), M. avium in 2 patients (11.8%), Mycobacterium kansasii (M. kansasii) in 4 patients (23.5%), and other NTM (unidentifiable as the 12 tested Mycobacterium spp.) in 1 patient (5.9%). IGRA was performed in 11 patients, of whom 5 demonstrated positive test results, and 1 result was indeterminate. IGRA was positive in the 2 patients with culture-proven M. tuberculosis and among the 3 patients in whom no mycobacteria could be isolated. The result of the IGRA was indeterminate for 1 patient without mycobacteria, and negative for 1 patient with M. avium infection and for 2 patients with M. kansasii infection.
Histopathological findings and final diagnosis.
In all 17 patients enrolled, the PCGs were diagnosed histopathologically. The final diagnosis was tuberculoma in 6 patients (35.3%) and NTMPN in 11 patients (64.7%) (Fig. 1) . Lung cancer was also present in 3 patients (17.6%); morphologically, the major lesion in all 3 cases was adenocarcinoma of the lung, and the mycobacterial nodules were located in the vicinity of the major malignant lesion (Fig. 2 ). NTMs were isolated from all 3 patients with lung cancer, including M. avium in 1 patient, M. kansasii in 1 patient, and an unknown species in 1 patient.
Treatment status. A total of 6 patients with tuberculoma received standard anti-tuberculosis drug therapy for 6 months. For 1 of these patients, the overall treatment period was extended to 12 months, as the patient developed DIH and required hyposensitization therapy, which required the anti-tuberculosis drugs to be increased gradually from a low initial dose. In all 3 patients with concurrent lung cancer, including 2 patients with T1aN0M0 stage Ia cancer and 1 with stage IV cancer, the nodules were non-tuberculous. The 2 patients with stage Ia cancer were treated by complete resection and followed up, while the patient with stage IV disease (with distant metastasis) only received palliative care at his own request. Of the 14 patients (6 with tuberculoma and 8 with NTMPN) without concurrent lung cancer, the follow-up period after treatment was >3 years in 6 patients, 2 years in 4 patients, and 1 year in 4 patients. None of the patients exhibited any evidence of relapse during follow-up.
Discussion
Tuberculomas reportedly account for 5-24% of all cases of SPN and are generally recognized as benign lesions (14) . In an estimated 77.3% of the cases, tuberculomas are asymptomatic and are discovered incidentally during routine health examinations. It has been reported that tuberculomas manifest as SPNs in 77-85% of the cases, and that ≥2 nodules or satellite lesions are present in 15-22% of the cases. The nodules predominantly occur in the upper lobes of the lungs and have a mean diameter of 2-5 cm (5,6). It has also been reported that the likelihood of malignancy of an SPN increases with the increasing size of the nodule (15) . In the present case series, the mean diameter of the nodules was 17.1±4.9 mm; the estimated incidence of malignancy in nodules of this size range is 33-64% (15). However, lung cancer (including metastatic cancer) was suspected in all the present cases upon imaging diagnosis prior to VATS. PET has been reported to be useful for the diagnosis of malignancy in patients presenting with an SPN (15, 16) . However, in the present cases, the mean SUV was 7.9±3.7 in the patients that were examined by PET (7 of 17). Therefore, in all cases, the maximum SUV exceeded the reported SUV cutoff value of ~2.5 (17) for differentiating malignancy among nodular lesions. However, it is extremely difficult to differentiate between PCGs and lung cancer based on SUV alone (10, 16) . In the 3 patients with NTMPNs and concurrent lung cancer, the mean SUV was 5.6±3.0, which was not sufficient for the diagnostic differentiation of malignancy. No significant difference in the SUV was observed between tuberculomas and NTMPNs (8.7±3.6 vs. 5.6±3.0, respectively). It may, therefore, be hypothesized that there is no difference in SUV between tuberculomas and NTMPNs, which both consist of local inflammatory reactions that produce nodular lesions. Generally, NTMs are more commonly encountered in postmenopausal women, and a number of theories have been postulated to explain this association, including low physical respiratory clearance (18) , postmenopausal functional depression of macrophages (19) , depressed villous movement (20) and a decrease in airway-epithelial ciliary movement caused by progesterone (21) . According to previous reports, tuberculomas are more likely to occur in men compared with women (5,6). Additionally, in the present study, patients with NTMPNs were older than those with tuberculomas, which is consistent with a previous report (11) . Regarding gender, patients with NTMPNs comprised more men than women (Table II) . These results are of considerable interest as they may suggest that the mechanism underlying nodular lesion formation differs from the mechanism of mycobacterial settlement in the case of NTMs. Further investigation, with a larger number of cases, is required. In the present case series, the major lesion in all 3 patients (17.6%) with concurrent lung cancer was pulmonary adenocarcinoma. Regarding the association between lung cancer and mycobacteria, various theories have been postulated, such as the post-mycobacteriosis-healing cicatrization theory and the theory of mycobacterial activation by cancer (22) . More recently, latent tuberculosis has been associated with the risk of developing lung cancer (23) . In the present study, SPCGs were detected in the vicinity of the lung cancer in all 3 cases. The mean age of the patients with concurrent lung cancer was 70.7±8.0 years, which was significantly higher compared with that of the patients diagnosed with tuberculoma (48.8±17.7 years) (P<0.05). Our findings are highly suggestive of a potential association between lung cancer and latent mycobacterial infection. However, it is also possible that a breakdown of the local immune balance around the cancer lesion facilitated the emergence of the mycobacterial infection.
Mycobacterial species were identified in only 9 of the 17 patients (52.9%) by detection/isolation from the excised tissues. In the remaining cases, no mycobacterial species were identified. The T-spot TB test, which is widely used for the diagnosis of tuberculosis, was employed in addition to the bacteriological diagnosis. The IGRA test is comparable with the QuantiFERON TB test regarding assay sensitivity and specificity, and it is also procedurally simpler (24, 25) . The T-spot TB test was performed in 11 of the 17 patients in the present study. Of the 6 patients undergoing this test in whom mycobacteria could not be identified, 2 exhibited negative test results, while the test was positive in the remaining 4 patients, who were then finally diagnosed with tuberculoma. It has been reported that the T-spot TB test may also yield positive results in patients with infections caused by other mycobacteria, including M. kansasii, M. szulgai, M. marinum and M. gordonae (26) . In the present study, however, the T-spot TB test was negative in all patients from whom NTM species, including M. kansasii, were isolated. Although it remains unclear why the T-spot TB test was negative in patients with M. kansasii infection, this test was considered useful for differentiating between tuberculoma and NTMPNs in patients with SPCGs identified by histopathology when no mycobacteria could be detected or isolated. Based on the present findings, it was concluded that no etiological factors for SPCGs other than mycobacteria were present in the current case series. Standard anti-tuberculosis therapy is administered for the treatment of tuberculomas (5, 6, 27) . All 6 patients diagnosed with tuberculoma in the present study received anti-tuberculosis therapy. It has been reported that an estimated 15% of patients with tuberculoma who receive anti-tuberculosis treatment develop DIH (9) . In the present study, 1 of the patients who received anti-tuberculosis treatment developed DIH, and hyposensitization therapy was undertaken, which proved efficacious. Regarding the management of NTMPNs, a previous study documented the case of a patient with an SPN caused by M. kansasii, who was followed up without anti-tuberculosis therapy following VATS and remained free from recurrence (28) . None of the 8 patients with NTMPNs in the present study (excluding the 3 patients with NTMPNs associated with concurrent lung cancer) received anti-tuberculosis therapy, and no relapse was detected in any of these patients during the course of follow-up for >1 year. These results indicate that careful periodic follow-up may be sufficient for the management of NTMPNs, provided that the lesions are solitary.
The limitations of this study include a disparity in the process with which VATS was performed, the single-center design of the study and the limited number of cases, which did not allow for adequate assessment of SPCG. Accordingly, accumulation of data from multiple institutions, using pathological and microbiological analysis from VATS, is required for the study of SPCG.
In summary, a clinical evaluation was conducted for 17 patients with pulmonary nodules in whom SPCGs were histopathologically identified. Mycobacteria were identified following VATS in 9 of the patients (52.9%). Finally, 6 patients were diagnosed with tuberculoma, 8 patients were diagnosed with NTMPNs and 3 patients were diagnosed with NTMPNs with concurrent lung cancer. Thus, NTMPNs accounted for >60% of the patients with SPCGs, which also occurred more frequently in men. Lung cancer was suspected in all patients prior to VATS, and PET proved ineffective for diagnostic differentiation. Although, these results suggested that close periodic observation was sufficient for patients in whom SPCG from NTM (NTMPN) was identified by VATS, they also emphasize the necessity for aggressive VATS to obtain an accurate diagnosis. Furthermore, even if the central region of a solitary nodule is a malignancy, a caseous necrotic lesion may exist in the peripheral area. Therefore, it is necessary to examine the isolated tissue carefully.
